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Papain contains a cysteine-activatable proteinase that hydrolyzes benzoyll-arginlneamide (1) . This enzyme has been shown to have a specificity similar to that of crystalline pancreatic trypsin (2) and therefore has been designated papain trypsinase (3) .
Previous experiments have shown that papain trypsinase exists in two inactive forms which can be designated papain-a-trypsinase and papain-13-trypsinase (4) . Only the 13-trypsinase can be activated by HCN. However, a-trypsinase can be transformed into the 13-form by minute amounts of sulfhydryl compounds such as H~S or cysteine. The activation of the 0-form by an excess of HCN or H~S is completely reversed when the activator is removed in vacuo. These results have been interpreted to indicate that the reversible activation of papain-fl-trypsinase consists in the formation of dissociable activator-13-trypsinase compounds, as represented below. 
It is the purpose of this communication to present additional evidence that the activator-trypsinase compounds obtained with a variety of activators represent different enzymatic entities the proteolytic properties of which depend upon the nature of the activator employed.
The Simultaneous Action of Two Activators.--These experiments were performed with a papain preparation obtained from crude papaya latex by H2S treatment followed by methanol precipitation and thorough dialysis as described in (4) . In all of the experiments to be reported in this paper, the entire activation and hydrolytic procedures were carried out in an atmosphere of nitrogen using the apparatus and technique described in the experimental section.
A sample of the dialyzed papain when activated by treatment with cysteine (0.002 m~ per cc.), possessed a proteolytic coefficient I towards benzoylarginineamide (C~xA) of 0.16 (Table I ). The fact that this coefficient represents maxii The proteolytic coefficient is defined in (1) . 669 mum activation is indicated by the observation that a tenfold amount of cysteine produced essentially the same coefficient. With HuS as activator, a coefficient of 0.07 was obtained. In still another experiment, papain was treated simultaneously with cysteine and H2S, and the ratio of the concentrations of HsS and of cysteine was 10:1; here CB~ was found to be 0.10, a value which lies between the coefficients for cysteine alone and H2S alone. Subsequently, the HsS was removed from the activated enzyme solution by evacuation under anaerobic conditions. The remaining solution, which still contained cysteine, but no H2S gave a CBAx of 0.16. This value is identical with that obtained when cysteine alone was employed as activator. Upon addition of H~S to the evacuated enzyme solution, the proteolytic coefficient for the hydrolysis of benzoylarginineamide dropped to 0.11. The results, tabulated in Table I , demonstrate a seemingly paradoxical phenomenon in that, under these experimental conditions, the activity of papain/~-trypsinase is increased by removing an activator and decreases upon addition of an activator. These results may be explained readily on the basis of the mechanism of activation as represented in the reactions (a) and (b). When papain 3-trypsinase is treated with an excess of cysteine, the dissociable compound cysteine-3-trypsinase is formed which possesses a CB~ of 0.15-0.16. Similarly, H2S treatment of papain-3-trypsinase results in the formation of H~S-fl-trypsinase which has a CBXA of 0.07. When both activators are present, a portion of the trypsinase will combine with H2S and the remainder will combine with cysteine. The concentrations of H2S-~-trypsinase and of cysteine-~-trypsinase will depend upon their dissociation constants and upon the relative amounts of ~-trypsinase, H2S, and cysteine present. Thus, when the H2S concentration is ten times that of cysteine, it should be expected that H2S-~-trypsinase should be formed at the expense of cysteine-fl-trypsinase and that the coefficient for the hydrolysis of benzoylarginineamide should be lower than the maximum value for the cysteine-fl-trypsinase and higher than the maximum value for the H2S-~-trypsinase. Removal of H2S from the mixture of the two enzymes completely dissociates the H2S-~-trypsinase, leaving cysteine-fl-trypsinase as the only enzyme. However, subsequent addition of sufficient H~S to reestablish the 10:1 ratio of H2S:cysteine, brings about partial dissociation of the cysteine-fl-trypsinase and re-synthesis of the H2S-~-trypsinase. It would be predicted also, that a smaller difference in the concentrations of H2S and cysteine, when used together to activate the fl-trypsinase, would result in the formation of a mixture of enzymes whose coefficient would be nearer that of cysteine-~-trypsinase. This is borne out by data included in Table I where it is seen that the mixture of active compounds formed by activating fl-trypsinase with H2S and cysteine in the ratio 4:1, possesses a coefficient of 0.14. As before, removal of the H2S in vacuo results in an increase in activity to a value closely approximating that found for cysteine fl-trypsinase.
Furthermore, it may be concluded from the results of Table I that both H2S and cysteine activate the same enzymatic component of papain. If H2S were activating one component of papain and cysteine another to give two active fl-trypsinases both capable of hydrolyzing benzoylarginineamide, then the simultaneous use of both activators in excess should produce a proteolytic coefficient equivalent to the sum of the maximum coefficients obtained with H2S alone and cysteine alone. This is not found to be the case.
Similarly, it may be concluded that HCN and cysteine activate the same enzymatic component of papain. It will be recalled that only the fl-trypsinase is activated by HCN. The low CB~ value 6btained after activation of the papain preparation with HCN (Table I) indicates that much of the trypsinase is in the inactivatable s-form. However, a cysteine concentration of 4 X 10 -5 m~ per cc. of test solution is sufficient to bring about complete transformation of c~-trypsinase to the E-form, thus making it possible to obtain the maximum proteolytic coefficient for HCN-~-trypsinase (C~xx ---0.11-0.12). It is apparent that when cysteine and HCN are used simultaneously and in excess to activate the trypsinase, the C~xx value (0.17) obtained is significantly less than the sum of the C~AA values (0.26) for the cysteine-/3-trypsinase and HCN-fltrypsinase.
The 29roteolylic Coefficient As a Function of the Nature of the Aclivator.--The experiments described in this section were performed with a papain fraction ("Papain B" of (1)) obtained by a procedure similar to that described by Balls and Lineweaver for their crystalline papain (5) . Since this papain fraction was found to hydrolyze benzoylarginineamide in the presence of either H2S or cysteine considerably faster than the papain used in the experiments of Table  I , it may be regarded as a more concentrated preparation of papain trypsinase. Consequently, this preparation was chosen for the comparison of the CBAx values in the presence of four different activators, namely: H~S, cysteine, glutathione, and HCN.
The enzyme preparation was thoroughly dialyzed against distilled water before use. In the highest concentrations applied in these experiments, the dialyzed enzyme preparation contained insufficient natural activator to cause any appreciable hydrolysis of benzoylarginineamide (C~xx = 0.00). Furthermore, the preparation contained most of the trypsinase in the a-form as is apparent from the relatively low proteolytic coefficient obtained by the use of HCN as the activator (C~xx --0.07). For the determination of the maximum proteolytic coefficients with the sulfhydryl activators, the presence of atrypsinase was of no consequence since traces of each of these activators are capable of transforming a-trypsinase to the fl-form. In the determination of the maximum proteolytic coefficient with HCN, sufficient cysteine (4 X 10 -~ in~ per cc.) was employed to ensure complete transformation of a-trypsinase to the 13-form.
The comparative activities of the activator-trypsinase compounds are presented in Table IL Each of the activators was shown to be present in sufficient excess to bring about maximum activity, since in each case doubling the activator concentration failed to increase the rate of hydrolysis. For each of the activators the velocity constants obtained were found to be directly proportional to the enzyme concentration.
The results show that the proteolytic coefficients obtained for papain trypsinase are dependent upon the nature of the activator employed. Under the conditions of maximum activity the HCN-activated trypsinase hydrolyzes the substrate at more than twice, and the cysteine-or glutathione-activated trypsinase at more than three times the rate found for the H2S-activated trypsinase. In effect, therefore, the compounds of trypsinase with different activators behave as different enzymatic entities.
Cysteine-papain trypsinase also hydrolyzes benzoyl-/-lysineamide (2). Experiments are in progress to determine whether the ratio C~a~/CBLx for the various activator-fl-trypsinase compounds is the same; i.e., whether these compounds may be regarded as homospecific enzymes (3). In this series the test solution also contained 4 X 10 -5 mM cysteine per cc.
EXPERIMENTAL
Apparatus.--The apparatus used for carrying out enzymatic experiments in nitrogen is shown diagrammatically in Fig. 1 . The apparatus is constructed of Pyrex glass and standard interchangeable ground glass joints and stopcocks.
A description of the procedure used in the experiments on cysteine activation (Table  II) will be given to illustrate the technique.
A slow stream of nitrogen, purified by passing the gas over hot reduced copper, enters the apparatus as shown at the left of the diagram. The glass tubing to vessels K L W and S is flushed out with nitrogen and the stopcocks K and L are dosed. Flask W (500 cc.), is filled with distilled water and the water is boiled for several minutes with M open to remove air. The stopper is replaced in M and the vessel is allowed to cool to room temperature. Nitrogen is admitted through K until atmospheric pressure is established. In this, and in subsequent operations, the stopcock P and the by-pass may be used to indicate when pressure equilibrium has been established. When nitrogen is not being used, it is allowed to escape through the by-pass. Air-free water is obtained from W as needed by opening K to provide a positive nitrogen pressure in W so that air cannot enter W when M is opened; inserting a pipette equipped with a tight rubber collar into the water through M; allowing nitrogen pressure to fill the pipette to the desired volume; removing the pipette and replacing the stopper in M; closing K.
The substrate (benzoylarginineamide.HC1.H20 2.074 gin.) is weighed into the vessel S (50 cc.) ~nd the flask is half filled with air-free water. By successively evacuating the vessel through O and refilling with nitrogen through L several times, air contained in the vessel is removed. The solution is then diluted to 50 cc. with air-free water. Air-free substrate solution (0.125 ~) can be removed as needed by following the procedure described above for obtaining air-free water.
The reaction vessel is connected at Y by means of a short length of pressure tubing and nitrogen is passed through G for several minutes to remove air from the system from R to G. The stopper is replaced in G, F is connected to D, and nitrogen is With practice, 1 minute is required to remove 2 titration aliquots and to return the solution in the sampling tube to the reaction vessel. At the start of an experiment 3 to 4 minutes are required to add substrate solution, dilute to volume, mix, and remove the initial samples. In successive sampling, the tube V and the well D are rinsed free of the previous sample by discarding several portions of the test solution through E before the titration sample is pipetted.
Experiments of the type described in Table I can be carried out conveniently in the apparatus by employing essentially the same technique described above. In the experiments requiring the in vacuo removal of H2S, a trap containing lead acetate solution is placed between T and the pump. Complete removal of H2S is effected by repeated evacuation and refilling with nitrogen.
Activator Solutions.--With the exception of H2S, activator solutions were prepared freshly immediately before use. Air-free 0.1 ~ cysteine, glutathione, and HCN solutions were prepared by placing the proper amount of cysteine hydrochloride, glutathione, or KCN in an air-free volumetric flask and diluting to volume with airfree water and sufficient N NaOH or N HC1 to make the final solution pH 5.0. To prevent volatilization of HCN, this activator solution was prepared and kept in an ice bath.
Air-free H~S was prepared and stored in the apparatus shown in Fig. 2 . The bulb G is detached at E and the rest of the apparatus is filled with H2S by passing the gas through the opening at E for several minutes. G is filled with airfree water and the water is saturated with H~S at 0°C. The bulb G is connected to E and the apparatus is inverted, so that the H~S solution fills D and C. B and K are closed and the apparatus is placed upright. With H and F open, H2S pressure is applied at A to force the H2S solution above K to the bottom of D. All stopcocks are closed and the entire set-up is kept in a constant temperature cold room.
To remove a sample of air-free H2S solution, stopcock K is opened and a measured amount is drawn off at B. If the pressure in D becomes too low to permit delivery from B, raising the bulb G with F and H open will reestablish the necessary pressure.
Prepared and stored in the manner described, the H2S solution is perfectly clear and its concentration remains constant for long periods. The apparatus provides a readily available source of known amounts of H2S. Standardization of the solution is accomplished by iodometric titration (7) . A solution of H2S prepared and stored
